Introduction
When compared to the rest of the dentition, third molars stand out having distinctive characteristics and behavior. They are the most commonly impacted teeth, associated with a host of pathologies and are therefore, the most commonly extracted teeth. In addition, third molars are the most frequent teeth to show agenesis (1, 2) . A comprehensive study that screened 100,577 populations in Turkey showed that, excluding third molars, the prevalence of hypodontia was 3.1% and the prevalence of oligodontia was 0.07% (3) . Topkara and Sari (2011) reported that the prevalence of congenitally missing teeth in the overall orthodontic population was 30.6% which dropped to 6.8% when third molar agenesis was excluded in the study population (2) . In another study, 24% among 2,579 subjects were diagnosed with third-molar agenesis of whom 9% had 1, 8%, 2, 3%, 3, and 4% had all third-molars Since the growth and development of the alveolar processes is guided by the formation and eruption of the tooth, agenesis of the permanent teeth would be expected to be associated with smaller jaw size. reported that intercanine and intermolar widths in the maxillary and mandibular arches were significantly reduced in the patients with hypodontia (8) . Although, maxillary hypodontia was generally associated with decreased maxillary jaw size (9) , tooth agenesis had relatively little effect on mandibular size (1) . Woodworth et al (1985) reported that patients exhibiting bilateral congenital absence of maxillary lateral incisors had retrognatic maxilla (10) . They also pointed out that these patient populations had a tendency of having shorter lower, upper facial height and forward mandibular rotation. Endo et al (2012) reported that all the patients with hypodontia exhibited shorter anterior and overall cranial base lengths, and shorter maxillary length (11) . Hypodontia of the anterior teeth exerted as much influence on craniofacial morphology as hypodontia of the posterior segment.
Nevertheless, hypodontia on both anterior and posterior dentition had more pronounced effects compared to hypodontia, either on the anterior dentition or on the posterior dentition. However, they failed to show any difference in vertical dimension measurements between hypodontia group and the control group (1). Other authors conclude that dental agenesis exerts little influence on dentofacial structures (12,13). Øgaard and Krogstad (1995) concluded that the typical dentofacial appearance in advanced hypodontia may be due to dental and functional compensations rather than to skeletal growth retardation (12). Only a handful of studies have evaluated the relationship between third molar agenesis and craniofacial morphology (5, 6, and 14) . The majority of these reports mainly focused on the third molar agenesis and the sagittal skeletal jaw relationships. Therefore, the aim of this study was to delineate whether the jaw morphology in both sagittal and vertical planes is related to third molar agenesis in the maxilla and mandible independently.
Materials and Methods
Records of patients over the age of 15 who were treated by the orthodontist (third author) between 2008-2012 were collected. The exclusion criteria were patients younger than 15 years old; patients with developmental anomalies such as ectodermal dysplasia, cleft lip or plate; patients with an asymmetric deformity on the face; patients with a missing tooth other than third molars; patients who had undergone previous orthodontic treatment, dentoalveolar surgery or patients who had maxillofacial trauma and radiographs of poor quality. A total of 108 patients were enrolled in the study. Demographic data as the age and gender of the patients were recorded. Lateral skull and panoramic radiographies taken at the initial examination were evaluated.
The project was approved by the Clinical Studies Ethics Committee at the Suleyman Demirel University, and written informed consent was obtained from participants (Registration no: 30.2.SDÜ.0.20.05.00-050-3265).
Assessment of the Third Molars
Radiographic examinations on orthopantomographs were performed to determine the presence of third molar germs. Supported by negative history of previous extraction, and no evidence of previous extraction on patient's records, a tooth was classified as congenitally missing when no sign of mineralization of the crown could be identified on radiographs. 
Assessment of Craniofacial Morphology
Craniofacial morphology in relation to sagittal and vertical planes was determined using lateral skull graphies which were taken using the same cephalostat and with the standardized settings.
For cephalometric analysis, reference lines were manually drawn on transparent acetate film and reference points were defined. Linear and angular measurements related to the jaw geometry were identified. The white Caucasian standard values were used to set normal norms (15) . The parameters related to the skeletal jaw relationships were listed in Table 1 .
Sagittal Skeletal Relationships
The amount of skeletal discrepancy between maxilla and mandible was calculated by ANB angle of which 3 o (± 2) regarded as normal range. Accordingly, skeletal relationship was established as Class I (ANB of 1-5°), Class II (ANB of more than 5°) and Class III (ANB of less than 1°). Relative position of the maxilla to the cranial base (SNA°) was measured. SNA angle of 81 o (± 3) was regarded as standard. A value above the normal range was regarded as prognathic maxilla, and below the normal range was regarded as retrognathic maxilla. Relative position of the mandible to the cranial base (SNB°) was also measured and SNB angle of 78 o (± 3) was regarded standard. A value above this range was interpreted as mandibular prognathism, and a value below as mandibular retrusion.
Vertical Skeletal Relationships
Vertical facial proportions were calculated by the ratio of the lower anterior facial height (distance between ANS to Me) to total anterior facial height (distance between N to Me). It is calculated as a percentage by the equation of (lower facial height/total facial height) × 100. A ratio of 55% (± 2) was regarded as a normal index. Values greater than the normal range indicate increased lower facial height (long face), smaller values indicate decreased facial height (short face). 
Assessment of the Arch Lengths
Maxillary arch length was measured as the distance from point A to the intersection of pterygoid fossa and maxillary plane, whereas mandibular arch length was measured as the distance from point B to the intersection of anterior border of ramus with the body of the mandible.
Analysis of the Data
To determine the errors associated with the measurements, 10% of the lateral cephalograms and panoramic radiographs were selected randomly, and re-evaluated repeating all the measurements 3 weeks after the first evaluation by the same investigator. The reproducibility of 100% was obtained in the identification of agenesis.
The intra-examiner reproducibility was 98% for the skeletal relationships. Frequencies and percentages were given as a descriptive statistics. The Pearson chi-square test was performed to assess whether third molar agenesis is independent of each skeletal jaw morphology determined by cephalometric measurements. Mann Whitney U test was applied to compare the differences in arch length in agenesis and non-agenesis groups. Pearson correlation was used to determine any correlation between arch length, and cephalometric measurements in sagittal plane.
Results
A total of 108 individuals, comprising 65 females and 43 males, had a mean age of 17.11 (± 2.38) years. Female and male participants had similar age group (16.39, ± 1.50 years old and 17.59 ± 2.72 years old, respectively).
Of the 108 patients, 40 (37%) had agenesis of 1 or more third molar. Most of the patient with agenesis had either 1 or 2 third molar missing (11.1% and 16.1% respectively). The ratio of patients with 3 third molar missing, and all the third molars missing were 5.6%. Table 2 shows the distribution of third molar agenesis in the mandible and maxilla. Of the total individuals with agenesis, 84 (77.8%) had bilaterally formed third molars in the mandible, and 80 (74.1%) had bilaterally formed third molars in the maxilla. Bilateral agenesis was more common than unilateral agenesis both in the maxilla and the mandible 
Agenesis in Relation to Jaw Morphologies in Sagittal Plane
Of the individuals with skeletal Class III jaw relations, 7.9% had third molar agenesis in the mandible and 29.6% in the maxilla. Third molar agenesis was 25.9% in the mandible, and 13.2% in the maxilla of patients with skeletal Class II jaw relation (Figure 1a) . Among all sagittal skeletal jaw relations, only mandibular third molar agenesis and skeletal jaw relations in sagittal plane were not independent of each other (p= 0.025).
Agenesis in Relation to Jaw Morphologies in Vertical Plane
Individuals with short face and with deep bite had higher frequency of third molar agenesis, both in the mandible and maxilla (Figure 2 and Figure 3a, 3b and 3c) . While, those who had hypodivergent mandible had higher rate of third molar agenesis in the mandible (27.3%), those with anteriorly rotated maxilla had higher rate of third molar agenesis in the maxilla (35.3%). 
Agenesis in Relation to Arch Length
The mean maxillary arch length was 49.4 (± 3.4) mm in the subjects with unilateral or bilateral third molar agenesis compared to 50.8 (± 3.9) mm in subjects having both third molars. The mean arch length in the mandible was 48.6 (± 3.7) mm in the agenesis group as opposed to 50.6 (± 5.1) mm non-agenesis group. However, the differences were not statistically significant. Maxillary arch length was correlated with SNA (p= 0.000) and ANB (p= 0.012) and mandibular arch length was correlated with SNB (p= 0.000) and ANB (p= 0.000). 
Agenesis in Relation to Effective Maxillary and Mandibular Lengths
The mean maxillary effective length was 87.8 (±4.4) in the subjects with maxillary third molar agenesis (either unilateral or bilateral) compared to 89.71 (±5,5) in the non-agenesis group. The mean mandibular effective length was 115.71(±5.0) in the subjects with mandibular third molar agenesis, while 121(±3,08) in the non-agenesis group. Although, the difference was not statistically significant, those with agenesis had shorter effective length in both maxilla and mandible.
Discussion
The presence of the third molars may influence orthodontic treatment planning and the overall treatment stability. The relationship between third molars and crowding, especially seen after orthodontic treatment has been still controversial. Thus, genesis/agenesis together with the calcification and eruption times of these teeth is of a great importance. Therefore, the presence of third molars in various jaws morphology was investigated in this study.
Some studies have shown that hypodontia was associated with sagittal craniofacial discrepancies (1, (9) (10) (11) 16) . Hypodontia, in general, tends to occur more commonly in patients who have Class III malocclusion5. Third molar hypodontia seems to follow a similar pattern. It was shown that third molar agenesis was seen less in patients with skeletal Class II, and was most common in Class III skeletal relationship (6, 16) . Celikoglu and Kamak (2012) reported that the prevalence of third molar agenesis in those with a Class III malocclusion (28.4%) was significantly higher than in those with Class I (20.3%), and Class II (19.9%) malocclusion (6).
Similarly, Kajii et al (2001) reported that percentage of skeletal Class III subjects who had all 4 third molars was lower than those of skeletal Class I and Class II subjects (5) . While of the subjects with skeletal Class III jaw relationship 29% had 1 or more third molar agenesis, 19.3% of the skeletal Class II subjects, and 21.8% of the skeletal Class I subjects had agenesis of the third molars. In the present study, it is further investigated whether a similar trend of the jaw relations in the sagittal plane was applicable when the third molar agenesis is determined in the maxilla and mandible independently. We found that maxillary third molars were more frequently found to be missing in the subjects with Class III jaw relations whereas mandibular third molars were more frequently absent in the subjects with Class II jaw relations. Furthermore, when the discrepancy of the jaw relationship was analyzed in detail according to jaw sizes in relation to cranium, our results contributes to the literature for the first time that mandibular third molar agenesis was less frequent in subjects with mandibular prognathia, and maxillary third molar agenesis was less frequent in subjects with maxillary prognathia. We believe that the findings, although statistically not significant, are clinically relevant.
Vertical skeletal characteristics of hypodontia do not seem to follow a specific trend such that observed in sagittal skeletal relations (11, 16, 17) . Endo (2006) found that vertical dimension measurements (anterior and posterior facial height) had no significant differences between hypodontia group (anterior, posterior or both anterior and posterior dentition) and the control group (11) . Similar prevalence of hypodontia among the hyper-divergent (11.2%), normal (11.4%) and hypodivergent (10.3%) groups were reported (11) . Nevertheless, severity of hypodontia may have a stronger association with vertical skeletal characteristics. Nodal et al (1994) observed significantly smaller mandibular plane angle, and gonial angle in a group of children with more than 12 teeth missing compared to that with 5-12 missing teeth (18). In addition, reduced vertical facial dimension and mandibular plane angle were observed in bilateral maxillary lateral agenesis cases by Woodworth et al (1985) (10) . The 2 studies that investigated the association of third molar agenesis, and the vertical skeletal dimensions display conflicting results. Celikoglu and Kamak (2012) reported that agenesis of the third molar does not depend on vertical patterns of the skeletal malocclusions (6) . There was similar prevalence rate of third molar agenesis among the hyper-divergent (24.5%), normal (23.8%), and hypodivergent (19.2%) groups. In contrast, Sanches et al (2009) found that mandibular plane angles in patients with bilateral third molar agenesis either in maxilla (22.1º) or mandible (22.8º) were significantly lower than those with no agenesis (29.9º). In their study, patients with bilateral mandibular third molar agenesis had shorter lower face height (41.5 mm) compared to patients with no agenesis (46.6 mm) (14) . Moreover, subjects with mandibular agenesis had wider articular angle than the control group which is related to increased vertical growth of the ramus, typical of brachyfacial patterns. In support of the findings published by Sanches et al, we demonstrated that individuals with short face and with deep bite had higher frequency of third molar agenesis both in the mandible and maxilla (14) . We also found that those who had hypodivergant mandible had higher rate of third molar agenesis in the mandible, and those with an anteriorly rotated maxilla had higher rate of third molar agenesis in the maxilla.
The etiology of hypodontia remains unknown, but it appears to be an inherited characteristic (19) . Rationale of the association between the small jaw size in sagittal plane, and decreased lower facial height with third molar agenesis is not clear. Some polygenic inheritance on formation of third molar germs suggested to be related to genes that control maxillary and/or mandibular dimensions8. De Coster et al (2009) stated that the list of genes involved in human non-syndromic hypodontia includes those encoding a signaling molecule (TGFA), and transcription factors (MSX1 and PAX9) that play critical roles during early craniofacial development (19) . To our opinion, apart from genetic coding, higher frequency of third molar agenesis in retrognathic jaw morphology, may be as a result of influence of the presence of tooth germs in the bone on the growth and development of the jaws. The lack of vertical and anteroposterior growth in these subjects may be due to the reduction in the number of teeth. Conversely, the lack of space in both planes may result in physiological obstruction or disruption of the dental lamina or underlying mesenchyme. In support of this, the results of this study showed that, although not statistically significant, the mean arch length of agenesis group, both for the maxilla and mandible was smaller than that of the non-agenesis group. Kajii et al (2004) reported that the frequency of maxillary and mandibular third molar agenesis significantly increased with decreasing sagittal dimensions of the maxillary basal bone in Japanese orthodontic patients (20) . We also showed that the jaw relations in sagittal plane were correlated with arch length in both jaws. In addition, the mean maxillary and mandibular effective lengths were shorter in the subjects with maxillary and mandibular third molar agenesis. Therefore, it may be proposed that agenesis of the third molars may also be due to space limitations of the dental arch.
Within the limitation of this study, it can be implied that apart from the generalized hypodontia, the absence or the presence of the third molars alone may be associated with the jaw morphology. Orthodontists should take into consideration that third molar agenesis is observed more frequently in the jaws with retrognathic dimensions on sagittal plane. In vertical plane, short face, deep bite, counterclockwise rotation of the mandible and clockwise rotation of the maxilla have higher percentage of third molar agenesis.
